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© Transurethral ablation catheter. 

(57) A catheter (3501), system, and method for 
selectively ablating prostatic tissue about the 
prostatic urethra. The catheter includes an 
elongated member having distal, proximal, and 
intermediate portions, the intermediate portion 
being shaped and sized for intimate contact 
with the prostatic urethra. The distal and 
proximal portions of the catheter include fixa- 
tion and cooling balloons (3503,3504) having an 
annular recess therein for positioning the inter- 
nal and external sphincters therein and for 
maintaining the longitudinal position of the 
catheter in the prostatic urethra. A thermally 
conducted, heat-emitting element (3502) is 
positioned in the intermediate portion for pro- 
ducing a thermally conductive heat distribution 
to ablate the prostatic tissue. The catheter 

(3501) also includes irrigation and aspiration 
passageways therein for communicating with 
the interior of the distal and proximal cooling 
balloons. A circulating pump of the ablation 
system circulates coolant through the balloons 
to maintain the temperature of the sphincters 
below an injurious temperature. Sensors are 
positioned about the heat-emitting element 

(3502) as well as in the cooling balloons 
(3503,3504) for supplying information to the 
controller of the system. The controller in res- 
ponse to the temperature information and the 
energy supplied to the heat-emitting element 
(3502) controls the supply of energy to the 
catheter (3501) as well as the pump circulating 
the coolant. 
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This invention relates generally to transurethral 
ablation. 

Present modalities for treatment of malignant tu- 
mors include surgery, radiation therapy, chemother- 
apy, and immunotherapy which apply a physical or 
chemical force to alter the biological function of a tu- 
mor in order to affect its viability. Despite the medical 
advances that these modalities represent, most solid 
cancerous tumors carry with them a very poor prog- 
nosis for survival. Quality of life during and after treat- 
ment for survivors is often poor. The dismal prognosis 
for malignant solid tumors has led to continuing re- 
search for more effective treatment modalities with a 
lesser degree of disability and fewer side effects. In 
vitro and in vivo evidence indicates hyperthermia pro- 
duces a significant anti-cancer activity through alter- 
ation of the physical environment of the tumor caused 
by increasing the temperature. Hyperthermia is more 
cytotoxic to tumor cells than normal cells because 
cancer cells are oxygen deprived, nutritionally defi- 
cient, and low in pH making them incapable of toler- 
ating the stress imposed by elevated temperature. 
Tumor vasculature is immature, lacking the smooth 
muscle and vasoactivity which allows mature vessels 
to dilate, increasing blood flow to carry away heat, 
therefore intratumor temperatures exceed those in 
normal tissue. The mechanisms of selective cancer 
cell eradication by hyperthermia is not completely un- 
derstood. However, four cellular effects of hyperther- 
mia on cancerous tissue have been proposed: 1) 
changes in cell or nuclear membrane permeability or 
fluidity, 2) cytoplasmic lysomal disintegration, caus- 
ing release of digestive enzymes, 3) protein thermal 
damage affecting cell respiration and the synthesis of 
DNAand RNA, and 4) potential excitation of immuno- 
logic systems. 

The major forms of energy for generating hyper- 
thermia to date include microwaves, radio frequency 
induction, radio frequency localized current, and ul- 
trasound. Most of the techniques used to dispense 
these are non-invasive, i.e., the heat generating 
source is external to the body and does not invade the 
body. Consequently, the energy must pass through 
the skin surface and substantial power absorption by 
normal peripheral body tissue is unavoidable. Cur- 
rently available external heating sources result in 
nonuniform temperature profiles throughout the tu- 
mor and increased temperature in normal tissue. It is 
desirable to selectively heat tissue deep in a patient's 
body, i.e., to heat the tumor mass without heating cu- 
taneous and normal tissue. 

Others have attempted the use of interstitial tech- 
niques to obtain local hyperthermia, with limited suc- 
cess. Interstitial heating of brain tumors through an 
implantable microwave antenna has been investigat- 
ed. However, microwave probes are ineffective in pro- 
ducing precisely controlled heating of tumors. Tem- 
peratures may deviate as much as 10°C from the de- 



sired target temperature. Besides, microwave activity 
adversely affects cellular structures and their integra- 
tion, regardless of other thermal effects. The result is 
nonuniform temperatures throughout the tumor. 

5 Studies indicate that tumor mass reduction by hyper- 
thermia is related to the thermal dose. Thermal dose 
is the minimum effective temperature applied 
throughout the tumor mass for a defined period of 
time. Hot spots and cold spots which occur with mi- 

w crowave hyperthermia may cause increased cell 
death at the hot spot, but ineffective treatment at cold 
spots resulting in future tumor growth. Such variations 
are a result of the microwave antenna's inability to 
evenly deposit energy throughout the tissue. 

15 Since efferent blood flow is the major mechanism 

of heat loss for tumors being heated and blood flow 
varies throughout the tumor, more even heating of tu- 
mor issue is needed to ensure more effective treat- 
ment. 

20 To be effective, the application and deposition of 

thermal energy to the tumor must be precisely con- 
trolled to compensate for the variations in blood flow. 
In addition, the therapy itself will perturb the tumor's 
vascular system during treatment causing variations 

25 in local perfusion around the probe. Thus, heat loss 
from a tumor will be time dependent and affected by 
the hyperthermia treatment. This demonstrates the 
need to both monitor and control the temperature of 
the tumor throughout treatment. 

30 Benign Prostatic Hyperplasia (BPH) is a disease 

that is traditionally treatable by transurethral resec- 
tion of the prostate (TURP). Patients who undergo a 
TURP are typically hospitalized for two to five days 
and convalesce afterward for another one to six 

35 weeks. Serious com plications foil owing TURP include 
failure to void or urinary retention in 10-15 percent of 
patients; bleeding that requires a transfusion in 5-10 
percent of patients; urinary tract infection in 15-20 
percent of patients; retrograde ejaculation in 60-75 

40 percent of patients; and impotence in 5-1 0 percent of 
patients. As a result of the recovery time, medical 
costs, and likelihood of serious complications follow- 
ing a TURP, alternative methods for treating BPH 
have been attempted. 

45 BPH has been treated by applying hyperthermia 

temperatures to the prostate of a patient. A hyperther- 
mia device is inserted into the urethra so that the heat 
generating portion of the device is positioned in the 
prostatic urethra. To prevent damage to the internal 

50 and external sphincters, the heat generating portion 
of the device must not be in contact with or directed 
toward the sphincters. Damage to the internal 
sphincter results in retrograde ejaculation. Damage to 
the external sphincter results in incontinence. Dam- 

55 age to the nerves about the prostatic urethra results 
in impotence. Therefore, positively securing the prop- 
er position of the heat generating element is impera- 
tive for preserving these sphincters and their func- 
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tions. 

Several known catheters for use in the hyper- 
thermia treatment of the prostate of a patient rely on 
microwave or radio frequency energy deposition for 
generating heat. One known catheter has a distally 
positioned bladder retention balloon, an inflatable 
prostate balloon, and a microwave antenna posi- 
tioned in a longitudinal lumen of the catheter. The 
prostate balloon centers the antenna and compress- 
es tissue while it is being irradiated for mitigating the 
problem of the microwave field intensity varying un- 
evenly over the heated tissue. 

Another known catheter has a distally positioned 
bladder retention balloon for limiting the proximal mi- 
gration of the catheter. The bladder retention balloon 
also provides for maintaining the position of a diode 
centrally in the prostate for directing the peak of elec- 
tromagnetic energy applied thereto by a microwave 
antenna toward the central area of the prostate. 

Yet another known catheter has a distally posi- 
tioned bladder retention balloon and a helical coil an- 
tenna for receiving electromagnetic energy from a mi- 
crowave generator and heating tissue to hyperther- 
mia temperatures in the range of 41 to 47°C. 

One problem with each of these devices is that 
they use microwave or radio frequency energy depos- 
ition to effect heating. Radio frequency energy depos- 
ition resulting in heat generation is unpredictable due 
to the nonhomogeneous tissue between the applica- 
tor and grounding plate. Similarly, microwave energy 
deposition is unpredictable due to the different dielec- 
tric properties inherent in various types of tissue, such 
as muscle, fascia, and viscera. As a result, there can 
be uneven heating of anatomical regions with areas 
of overheated tissue and underheated tissue. The en- 
ergy deposition heating technology can undesirably 
heat and damage the internal and external urethral 
sphincters. In addition, the use of energy deposition 
technology limits the size of the heat-emitting ele- 
ment. As a result, only limited modifications can be 
made to the catheter for tailoring the catheter to va- 
riations in individual patient anatomy. 

Another problem with catheters using a distally 
positioned bladder retention balloon for limiting the 
proximal migration of the catheter is that the bladder 
retention balloon does not prevent a catheter from mi- 
grating distally. since the longitudinal position of the 
catheter is not positively secured, the internal 
sphincter can be exposed to heat and damaged or de- 
stroyed. 

An alternative to energy deposition technology 
for heating tissue is the application of thermally con- 
ducted heat, several devices for applying heat directly 
tothe rectum and gastrointestinal tract are known. For 
example, a thermoelectrical heat exchange capsule 
probe includes a plurality of thermocouples that get 
hot on one end and cold on the other when electrical 
current is passed therethrough. The probe can have 



a flexible, expandable sheath affixed to the outside 
thereof for containing a heat conducting fluid. The 
sheath is expandable for bringing a heated surface in 
contact with the tissue to be treated. 

5 Another known device is a suppository appliance 

for the therapeutic treatment of hemorrhoids that is 
surrounded by a rigid, cylindrical jacket sized for inti- 
mately fitting in the anal canal of a patient. When elec- 
trical energy is applied to the appliance, a cylindrical 

10 electrical resistor generates heat inside the jacket to 
a predetermined maximum temperature of about 
45°C. 

Yet another known device is a heatable dilation 
catheter for treating body tissue and including an 

15 elastic, expandable heat-emitting element, such as a 
braided stainless steel tube coated with silicone and 
mounted on a dilation balloon, for increasing the prox- 
imity of the heat-emitting element to tissue. 

One problem with the use of any of these devices 

20 for treating BPH is that none of these devices can be 
affixed in a particular longitudinal position in a body 
passageway. As a result, anatomical structures that 
are preferably preserved can be exposed to high tem- 
peratures and damaged or destroyed. These devices 

25 are inappropriate for use in the urethra of a patient, 
wherein the internal and external urethral sphincters 
can be undesirably heated and damaged. 

Summary of the Invention 

30 

The present invention teaches the details of a 
method for cancer treatment by means of interstitial 
conductive hyperthermia. The present invention also 
teaches the construction and operation of hyperther- 

35 mia apparatus comprising a means for effectively 
achieving therapeutic heating of tumors deep in a pa- 
tient's body by generation of heat within the tumor 
that has all of the desirable characteristics mentioned 
above. An embodiment of this invention provides for 

40 monitoring and control of tumor temperature to ach- 
ieve a controlled pattern of energy deposition. 

The method includes measurement and location 
of the tumor mass, implantation of an array of treat- 
ment probes in the tumor, and generation of volumet- 

45 ric hyperthermia through the implanted probes. Ap- 
paratus invented to facilitate this procedure includes 
an array of probes, a heat generating means for con- 
verting electrical energy into thermal energy, and a 
temperature sensing means. According to one em- 

50 bodiment of the invention, a template having an array 
of parallel apertures is affixed to a supporting struc- 
ture on an imaging system for registration of probe 
position on an image generated by the imaging sys- 
tem. 

55 It is accordingly an object of this invention to pro- 

vide a safer and more effective means for treating 
cancerous tumors using a system for interstitial appli- 
cation of hyperthermia to the tumor with a multitude 
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of implantable probes which conductively heat the tu- 
mor with precisely controlled temperature. 

Another object is to locate a heater element at a 
location within the tumor to be treated so that heat 
generated thereby emanates outwardly into the sur- 
rounding tumor. 

Another object is to minimize the surgical proce- 
dures necessary in the treatment of cancerous tu- 
mors. 

Another object is to teach the construction and 
operation of a novel probe assembly capable of being 
implanted through tissues extending into a cancerous 
tumor with the least of a surgical procedure and dam- 
age to the patient. 

Another object is to minimize the surgical proce- 
dures necessary to implant and maintain a heat gen- 
erating device in a tumor. 

Afurt her object of this invention is to provide con- 
trolled therapeutic temperature fields in malignant 
structures using an array of interstitial, surgically im- 
planted, heater/temperature sensitive probes to main- 
tain tissue above a minimum cell death temperature 
throughout the tumor mass for a defined time. 

These and other objects of the invention will be- 
come more readily apparent after considering the fol- 
lowing detailed specification covering preferred em- 
bodiments thereof in conjunction with the accompa- 
nying drawings. 

The foregoing problems are solved and a techni- 
cal advance is achieved by an illustrative transureth- 
ral ablation catheter for ablating prostatic tissue about 
the prostatic urethra positioned between the internal 
and external sphincters. The catheter comprises an 
elongated member with an intermediate portion 
shaped and sized for intimate contact with the pro- 
static urethra. The elongated member also includes 
fixation means such as an inflatable balloon position- 
able about at least one of the internal and external 
sphincters for maintaining longitudinally the inter- 
mediate portion in the prostatic urethra. A thermally 
conductive, heat-emitting element is positioned in the 
intermediate portion and is responsive to energy sup- 
plied thereto for producing a predetermined, thermal- 
ly conductive heat distribution in the tissue to ablate 
the tissue. 

When inflated, the fixation balloon includes an 
annular recess for positioning one of the internal and 
external sphincters therein. The elongated member 
also includes supply means, such as a passageway 
extending longitudinally in the elongated member, 
which communicates with the fixation balloon for in- 
flating it. The supply means further includes means 
for circulating a coolant such as a second passage- 
way extending longitudinally in the elongated mem- 
ber and communicating with the fixation balloon. One 
of the passageways includes a plurality of ports hav- 
ing different cross-sectional areas for maintaining a 
uniform flow of the coolant from the passageway into 



the interior of the balloon. The catheter further ad- 
vantageously includes a second inflatable balloon 
positionable about the other one of the sphincters for 
further positioning the intermediate portion of the 

5 catheter as well as cooling the other sphincter. The 
same two passageways may be utilized to supply the 
second inflatable balloon or preferably another set of 
longitudinally extending passageways are used to in- 
flate the balloon and supply coolant thereto. This sec- 

10 ond fixation and cooling balloon further includes 
when inflated an annular recess thereabout for posi- 
tioning therein and cooling the other sphincter. 

To advantageously maintain the thermally con- 
ductive heat distribution in the prostatic tissue, the 

15 catheter includes a temperature sensor positioned 
about the intermediate portion such as a thermistor 
for measuring the temperature thereabout. This tem- 
perature information is advantageously provided to 
the controller of an ablation system of the present in- 

20 vention. The controller is responsive to the tempera- 
ture measured about the sensor and the energy sup- 
plied to the heat-emitting element for controlling the 
energy supplied thereto to produce and maintain a 
minimum ablative temperature or thermally conduc- 

25 tive heat distribution in the prostatic tissue. The cath- 
eter further includes a temperature sensor for meas- 
uring the temperature of the coolant. The system con- 
troller is responsive to this coolant temperature for ad- 
vantageously maintaining the temperature of the 

30 sphincter below an ablative temperature. This advan- 
tageously prevents chronic injury to the sphincter and 
resulting incontinence and impotence. 

To accommodate different length prostatic ureth- 
ras among patients, the catheter also advantageous- 

35 ly includes telescopic, coaxial elongated members for 
varying the spacing between the fixation and cooling 
balloons for positioning the sphincters in the annular 
recesses thereof. The heat-emitting element com- 
prises a helically wound coil of electrically semicon- 

40 ductive material positioned longitudinally in the inter- 
mediate portion. So as not to ablate prostatic tissue 
about the ejaculatory duct, the heat-emitting element 
is semicylindrically, serpentine shaped. The supply 
means are advantageously positioned within the 

45 semicylindrical interior of the heat-emitting element to 
further cool and maintain the prostatic tissue about 
the ejaculatory duct below an ablative temperature. 

The ablative system comprises the transurethral 
heat-emitting catheter for producing the thermally 

50 conductive heat distribution to ablate prostatic tissue. 
The heat-emitting catheter also includes sensor 
means for measuring the temperature thereabout. 
The system also includes a controller responsive to a 
temperature about the sensor and the energy sup- 

55 plied to the heat-emitting catheter for controlling the 
energy supplied to the catheter to produce the abla- 
tive heat distribution in the prostatic tissue. The heat- 
emitting catheter of the system also includes cooling 
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and/or fixation balloons positioned about the sphinct- 
ers for maintaining the sphincters below an ablative 
temperature. Temperature sensors are advanta- 
geously positioned within the interior of the cooling 
balloons for providing coolant temperature informa- 
tion to the controller. The controller is responsive to 
this coolant temperature information for controlling 
the supply of coolant to the balloons. Furthermore, 
the ablative system includes a pump responsive to 
the controller for circulating coolant through the bal- 
loons. 

The method of treating prostatic hyperplasia in- 
cludes inserting the heat-emitting catheter transur- 
ethral^ and selectively applying a heat distribution 
between the internal and external sphincters to pro- 
duce ablative temperatures in the prostatic urethra. 
As a result, the ablated tissue subsequently sloughs 
and enlarges the lumen through the prostate for in- 
creased fluid flow therethrough. The method further 
includes positioning at least one of the sphincters 
about a fixation and cooling balloon of the heat- 
emitting catheter and cooling the sphincter below a 
predetermined maximum temperature. The method 
also includes producing coagulation of blood perfus- 
ing through the prostate. 

Brief Description of the Drawings 

Figs. 1 to 29B are the same as Figs. 1 to 34B of 
U.S. Patent no. 1,961,122, and a full description of 
those Figs, is provided in that Patent. 

FIGs. 30 and 31 depict a partial, longitudinal view 
of the opposite ends of a transurethral ablation cath- 
eter of the present invention. 

FIG. 32 is a cross-sectional view of the ablation 
catheter of FIG. 31 taken along the line 37-37. 

FIG. 33 is a partial, longitudinally sectioned view 
of the distal and intermediate portions of the ablation 
catheter of FIG. 31 taken along the line 38-38. 

FIG. 34 is a partial, longitudinally sectioned view 
of the proximal and intermediate portions of the abla- 
tion catheter of FIG. 30 taken along the line 39-39. 

FIG. 35Aisa partial, longitudinal view of the tran- 
surethrally positioned ablation catheter of FIG. 30 for 
producing a non-cooled thermally conductive heat 
distribution in the prostate. 

FIG. 35B is a partial, longitudinal view of the tran- 
surethral^ positioned ablation catheter of FIG. 35A 
for producing a thermally conductive heat distribution 
in the prostate and cooling the sphincters at the ends 
of the prostatic urethra. 

FIG. 36 depicts an ablation system of the present 
invention for ablating tissue about the prostatic ureth- 
ra. 

FIG. 37 depicts a longitudinal view of another as- 
pect of a tra nsu ret h rally positioned ablation catheter 
of the present invention for ablating only prostatic tis- 
sue opposite the ejaculatory duct. 



FIG. 38 depicts a cross-sectional view of the tran- 
surethral ablation catheter of FIG. 37 taken along the 
line 43-43. 

FIGs. 39 and 40 depict portions of an alternative 

5 embodiment of the transurethral ablation catheter of 
the present invention having coaxial, telescopic mem- 
bers to position the catheter in the internal and exter- 
nal sphincters. 

FIGs. 41-45 depict alternative configurations for 

10 the distal fixation and cooling means of the transur- 
ethral ablation catheter of the present invention. 

Depicted in FIGs. 30 and 31 is a partial, longitu- 
dinal view of the opposite ends of transurethral abla- 
tion catheter 3501 having a thermally conductive 

15 heat-emitting element 3502 embedded nearthe distal 
end for producing a predetermined, thermally con- 
ductive heat distribution in prostatic tissue between 
the internal and external sphincters. This heat distrib- 
ution ablates the prostatic urethra and the surround- 

20 ing prostatic tissue. As a result, the diameter of the lu- 
men through the prostatic tissue and urethra signifi- 
cantly increases, thereby advantageously increasing 
the flow of fluids therethrough. 

Transurethral ablation catheter 3501 also in- 

25 eludes distal and proximal fixation and cooling bal- 
loons 3503 and 3504 that are inflatable for being pos- 
itively secured about the internal and external ureth- 
ral sphincters, respectively. When inflated, the distal 
and proximal fixation balloons fix the longitudinal 

30 position of the catheter and heat-emitting element rel- 
ative to the internal and external urethral sphincters. 
This reduces exposure of the sphincters to ablative 
temperatures emitted by the heat-emitting element. 
The sphincters are further protected from ablative 

35 temperatures by the circulation of a coolant through 
the interiors of the distal and proximal balloons during 
a transurethral ablation treatment. 

The transurethral ablation catheter is connected 
to a controller, described hereinafter, for controlling 

40 the power or energy supplied to the heat-emitting ele- 
ment and the coolant supplied to the interiors of the 
balloons. The controller is responsive to the temper- 
atures sensed or measured by sensors positioned on 
the catheter for controlling the power or energy sup- 

45 plied to the catheter and the coolant supplied to the. 
balloons. By controlling the power or energy and cool- 
ant supplied thereto, the catheter produces and 
maintains a predetermined, thermally conductive 
heat distribution in the prostatic tissue to ablate the 

50 tissue without damaging the sphincter. 

Transurethral ablation catheter 3501 includes 
elongated member tube 3510 having proximal portion 
3505, distal portion 3506, and intermediate portion 
3507 extending therebetween. The intermediate por- 

55 tion is shaped and sized for intimate contact with the 
lining of the prostatic urethra. The intermediate por- 
tion of the transurethral ablation catheter includes 
heat-emitting element 3502, which is embedded in 
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elongated member tube wall 3694. Distal portion 
3506 includes distal fixation structure 3702 including 
distal fixation and cooling balloon 3503 for extending 
through the internal sphincter and into the bladder of 
a patient. The distal fixation structure also includes 
annular ring 3508 that is positioned about the circum- 
ference of the distal balloon for providing an annular 
recess in the balloon when inflated for positioning the 
internal sphincter of the patient therein. When the in- 
ternal sphincter is positioned in the annular recess of 
the balloon, both proximal and distal migration of the 
catheter in the prostatic urethra is prevented. The in- 
flated distal fixation and cooling balloon assumes a 
generally truncated conical shape for extending into 
the bladder, further preventing the catheter from be- 
ing pulled proximally and exposing the external 
sphincter to ablative temperatures. Proximal portion 
3505 includes proximal fixation structure 3703 includ- 
ing proximal fixation and cooling balloon 3504 for ex- 
tending through the external sphincter of a patient. 
The proximal fixation structure also includes annular 
ring 3509 that is positioned about the circumference 
of the proximal balloon for providing an annular re- 
cess in the balloon when inflated for positioning the 
external sphincter of the patient therein. The inflated 
proximal fixation and cooling balloon has a double tor- 
oidal shape for being fixedly positioned about the ex- 
ternal sphincter, thereby also preventing proximal 
and distal migration of the catheter and subsequent 
exposure of the internal or external sphincters to 
ablative temperatures. Either one or both of the distal 
and proximal balloons maintains and fixedly positions 
the catheter longitudinally in the prostatic urethra of 
a patient. 

Elongated member tube 3510 is comprised of ny- 
lon, polytetrafluoroethylene, or another polymer ma- 
terial capable of withstanding ablation temperatures 
preferably in the range of 70-1 00°C. Transurethral 
ablation catheter 3501 has an outside diameter of ap- 
proximately 1 8 French (6 mm or 0.236"). The catheter 
is sized for intimate contact with the urethra of a pa- 
tient and is produced in various sizes ranging from 8 
to 21 French to accommodate variations in individual 
patient anatomy. Transurethral ablation catheter 
3501 also includes main longitudinal passageway 
3684 approximately .036" in diameter and extending 
entirely therethrough for extending a commercially 
available .034" diameter wire guide 3511 there- 
through. The wire guide is positioned to place the 
catheter in the urethra of a patient using a well-known 
procedure. Radiopaque ring 3512 is positioned about 
the distal end of the catheter tube and is circumfer- 
entially embedded in the surface thereof. The ring is 
visualized under fluoroscopy to place the distal end 
of the catheter in the urethra and bladder. 

Proximal portion 3505 and the proximal end of 
the transurethral ablation catheter is depicted in FIG. 
31 with wire guide 3511 extending proximally there- 



from. Well-known double-Y connector 3515 abuts 
proximal portion 3505 and is fixedly attached thereto 
by commercially available heat shrunk tube 3516. 
Double-Y connector 351 5 includes side arm 351 7 for 

5 housing single lumen tubes 3518-3521 that commu- 
nicate with the catheter passageways leading to the 
interiors of the distal and proximal fixation and cooling 
balloons. The single lumen tubes include well-known 
female Luer lock connectors fixedly attached proxi- 

10 mally thereto. The double-Y connector also includes 
side arm 3522 for containing temperature sensor and 
heat-emitting element lead wires. Temperature sen- 
sor lead wires comprise one common supply wire and 
three signal wires, one each for the three temperature 

15 sensors of the transurethral ablation catheter. Elec- 
trical ring connectors 3523-3528 are used for attach- 
ing each of the internal lead wires to other compo- 
nents of the ablation system via cables (not shown). 
Well-known single-Y connector 3529 abuts main 

20 arm 3685 of double-Y connector 351 5 and is fixedly 
attached thereto by heat shrunk tube 3686. The sin- 
gle-Y connector includes main arm 3530 with a well- 
known internal seal for receiving wire guide 351 1 . The 
single-Y con nectoralso includes side arm 3531 forat- 

25 tachment to drain tube 3532 for draining urine from 
the bladder to a waste receptacle (not shown). 

Depicted in FIG. 32 is a cross-sectional view of 
elongated member tube 3510 of FIG. 31 taken along 
the line 37-37. Main longitudinal passageway 3684 

30 extends the entire length of the catheterand is shown 
with the wire guide removed therefrom. Longitudinal- 
ly extending balloon passageways 3680 and 3681 
comprise supply means which communicate with the 
interior of distal fixation and cooling balloon 3503 for 

35 inflating the balloon and circulating a coolant there- 
through. Longitudinally extending balloon passage- 
ways 3682 and 3683 also comprise supply means 
which communicate with the interior of proximal fixa- 
tion and cooling balloon 3504 for inflating the balloon 

40 and circulating a coolant therethrough. The balloon 
passageways are at least 1 French (.3 mm) in diam- 
eter. Longitudinally extending passageway 3533 is 
approximately 1 French (.014") in diameter and con- 
tains the approximately .006" diameter, pair of insu- 

45 lated heat-emitting element lead wires 3534 and the 
four temperature sensor lead wires 3535. Alternative- 
ly, the lead wires need not be insulated, but are either 
embedded in the catheter wall or positioned in sepa- 
rate lumens. Longitudinal balloon passageways 3680 

50 and 3681 are depicted as being diametrically op- 
posed, as are longitudinal balloon passageways 3682 
and 3683. Alternatively, longitudinal balloon passage- 
ways 3680-3683 and lead wire passageway 3533 are 
equally spaced about the circumference of the elon- 

55 gated member wall. Although two balloon passage- 
ways are depicted and preferred for continuous circu- 
lation of a coolant through a balloon, it is contemplat- 
ed that only a single passageway is required for infla- 
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tion of the balloon and nonsimultaneous aspiration 
and irrigation of the coolant. Circulating coolant fluid 
through the interior of the balloon, as used herein, in- 
cludes the use of one or more passageways and eith- 
er the simultaneous or nonsimultaneous aspiration 
and irrigation of coolant fluid. 

Depicted in FIG. 33 is a partial longitudinally sec- 
tioned view of the distal and intermediate portions 
3506 and 3507 of transurethral ablation catheter 
3501 of FIG. 30 taken along the line 38-38 with distal 
fixation and cooling balloon 3503 in an inflated state. 
Distal fixation balloon 3503 has a generally truncated 
conical shape for being fixedly positioned in the blad- 
der neck and through the internal sphincter. Annular 
recess 3541 is formed in the inflated distal balloon by 
annular ring 3508 for positioning the internal sphinct- 
er therein. The distal fixation balloon is approximately 
20 mm in length, 25 mm in diameter when inflated, 
and fixedly attached to the catheter tube by commer- 
cially available medical grade adhesive. The distal fix- 
ation balloon comprises, for example, a sheet of poly- 
ester material approximately 80 mm by 18 mm, which 
is affixed by a heat bond or a commercially available 
medical grade adhesive to another sheet of polyester 
material approximately 90 mm by 8 mm for providing 
the flared, conical shape. Annular ring 3508 compris- 
es an elastic C-FLEX™ copolymer material ring hav- 
ing a rectangular cross-section for minimizing the 
cross-sectional diameter of the transurethral ablation 
catheter when the balloon is in a collapsed state. The 
annular ring is fixedly attached to the circumference 
of the collapsed balloon material by commercially 
available medical grade adhesive. Alternatively, the 
annular ring is friction fitted and comprises a ligature, 
a traditional O-ring, or a piece of tubing or cannula 
formed of a polymer material, a metal such as stain- 
less steel, or a radiopaque material such as tantalum. 
Distal balloon 3503 is pushed against annular ring 
3508 by the force of an inflation or coolant fluid on the 
interior of the balloon. The tolerance between the in- 
side diameter of elongated member tube 3510 with 
the collapsed distal balloon material positioned there- 
around provides for the communication of fluid on 
either side of the annular ring in the interior of the dis- 
tal balloon. Alternatively, the annular ring of the distal 
balloon is omitted, and the pressure applied by the in- 
ternal sphincter forces the distal balloon into an ap- 
propriate shape such as a truncated conical shape or 
a double toroidal shape. 

Balloon passageways 3680 and 3681 extend 
longitudinally in wall 3694 of elongated member tube 
3510 and communicate with the interior of the distal 
fixation and cooling balloon. Balloon passageway 
3681 includes a plurality of aspiration ports 3536 for 
return fluid flow from the balloon interior on either 
side of the annular ring. Irrigation ports 3553-3556 of 
balloon passageway 3680 have different cross- 
sectional areas that gradually increase proximally by 



a factor of 8.6 percent. This graduated increase in 
area compensates for the otherwise variable flow 
rate of coolant from the longitudinal passageway, 
which would have been lower at the proximal end 

5 than at the distal end of the ports. The factor of 8.6 
percent takes into consideration that the ports are 
each spaced approximately 4 mm apart. Coolant 
3542 comprises a fluid such as sterile water, saline, 
or another fluid that is safe for injection into a patient. 

10 Coolant 3542 cools the internal sphincter and other 
tissue surrounding the distal fixation and cooling bal- 
loon to prevent thermal damage thereto. 

Radiopaque rings 3543 and 3513 are positioned 
about the circumference of the catheter tube and em- 

15 bedded in the surface thereof for visualizing under 
fluoroscopy annular recess 3541 and the distal end of 
heat-emitting element 3502. Temperature sensor 
3544 is positioned on the catheter surface in the dis- 
tal fixation balloon interior for sensing or measuring 

20 the temperature of the coolant therein. The tempera- 
ture sensor is connected to the controller via a signal 
and a common lead wire for providing temperature in- 
formation thereto. The controller uses the tempera- 
ture information to control the flow rate and temper- 

25 ature of the coolant, which affects the predetermined, 
thermally conductive heat distribution produced in 
prostatic tissue. The coolant is circulated to maintain 
the temperature of the internal sphincter below a 
maximum of 40°C. Temperature sensor 3544 com- 

30 prises a commercially available thermistor, but alter- 
natively can comprise an optical fiber, thermocouple, 
or another commercially available temperature sen- 
sor. Main longitudinal passageway 3684 of the cath- 
eter provides for the irrigation and drainage of fluid to 

35 and from the bladder and for positioning the catheter 
over a wire guide during placement in a urethra. 

Heat-emitting element 3502 comprises a helically 
wound coil of .006" diameter round wire such as ni- 
chrome, a nickel-chromium alloy, or another high re- 

40 sistance material. Alternatively, the coil is formed 
with wire having a rectangular cross-section. The wire 
comprises a biocompatible metal or a non-biocompat- 
ible metal that is coated with a biocompatible sub- 
stance. The heat-emitting element is embedded in the 

45 elongated member tube wall during extrusion thereof. 
Heat-emitting element 3502 is approximately 3 to 4 
cm in length, but can range from 2 to 6 cm to accom- 
modate variations in individual patient anatomy. Heat- 
emitting element 3502 is welded to a pair of lead 

50 wires, which connecttoa pairof ring connectors atthe 
proximal end of the catheter as depicted in FIG. 31. 
Temperature sensor 3545 is embedded in the cathet- 
er and positioned centrally along the length of the 
heat-emitting element for sensing or measuring the 

55 temperature produced near the heat-emitting ele- 
ment. The temperature sensor is connected to the 
controller through a second signal lead wire and the 
common lead wire for providing temperature informa- 
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tion about the heat-emitting element. The controller 
uses this temperature information to control the en- 
ergy supplied to the heat-emitting element, thereby 
affecting the predetermined, thermally conductive 
heat distribution. 

Depicted in FIG. 34 is a partial longitudinally sec- 
tioned view of the proximal and intermediate portions 
3505 and 3507 of transurethral ablation catheter 
3501 of FIG. 30 taken along the line 39-39 with prox- 
imal fixation and cooling balloon 3504 in an inflated 
state. Proximal balloon 3504 comprises a polyester 
material and is approximately 10 mm in length and 10 
mm in diameter when inflated. The proximal fixation 
and cooling balloon is fixedly attached to the catheter 
tube by commercially available medical grade adhe- 
sive. Annular ring 3509 of the proximal balloon is sim- 
ilar to annular ring 3508 of the distal balloon and also 
comprises an elastic C-FLEX™ copolymer material 
ring having a rectangular cross-section. The annular 
ring is fixedly attached to the circumference of the 
collapsed balloon material by commercially available 
medical grade adhesive. When the proximal balloon 
is inflated, annular recess 3546 is formed by annular 
ring 3509 for positioning the external sphincter there- 
in. The tolerance between the inside diameter of the 
annular ring and the outside diameter of elongated 
member tube wall 3694 with the collapsed balloon 
material positioned therearound provides for the 
communication of fluid on either side of the annular 
ring in the interior of the proximal fixation and cooling 
balloon. Alternatively, the annular ring of the proximal 
fixation balloon is omitted, and the pressure applied 
by the external sphincter forces the proximal balloon 
into a double toroidal shape. 

Longitudinally extending balloon passageways 
3682 and 3683 communicate with the interior of the 
proximal fixation and cooling balloon for inflating the 
balloon and circulating coolant 3542 in the interior of 
the balloon. Balloon passageway 3682 includes irri- 
gation ports 3547-3550. Similar to irrigation ports 
3553-3556 of longitudinal passageway 3681 of FIG. 
33, the cross-sectional areas of irrigation ports 3547- 
3550 increase proximally by a factor of 8.6 percent for 
balancing the flow rate of coolant from longitudinal 
passageway 3682 into the balloon interior. Balloon 
passageway 3683 includes a plurality 3537 of aspir- 
ation ports for fluid flowing from the balloon interior 
on either side of the annular ring. Temperature sensor 
3552 is positioned on the catheter surface in the in- 
terior of the proximal balloon for sensing or measuring 
the temperature of the coolant. This temperature in- 
formation is provided to the controller through a third 
signal lead wire and the common lead wire in the 
same manner as temperature sensor 3544 of the dis- 
tal fixation balloon depicted in FIG. 33. 

Radiopaque rings 3514 and 3551 are positioned 
about the circumference of the catheter tube and em- 
bedded in the surface thereof for visualizing under 



fluoroscopy the proximal end of heat-emitting ele- 
ment 3502 and annular recess 3546. Alternatively, ra- 
diopaque rings 3512-3514, 3543, and 3551 are com- 
pletely embedded in the tube material. Radiopaque 

5 rings 351 2-3514, 3543, and 3551 comprise a radiopa- 
que material such as tantalum. Radiopaque stripes 
can be substituted for the rings. Furthermore, the 
outside surface of the catheter tube can be dimpled 
for improving the ultrasonic visualization of the cath- 

10 eter. 

Prior to use of the transurethral ablation catheter, 
a physician uses a visualization means such as trans- 
rectal ultrasound to visualize the prostate gland, the 
prostatic urethra, and any obstructions. The physi- 

15 cian also locates the internal and external sphincters 
to determine the length of the prostatic urethra, 
which extends therebetween. A transurethral ablation 
catheter with the appropriate distal and proximal fix- 
ation and cooling balloon spacing, heat-emitting ele- 

20 ment length, and elongated member tube diameter for 
making intimate contact with the lining of the prostatic 
urethra is then selected. A wire guide is inserted into 
the urethra of the patient, and a small catheter and 
dilation sheath are introduced into the urethra there- 

25 over. When the urethra is sufficiently dilated, the 
treatment catheter is introduced over the wire guide 
and properly positioned in the urethra, as depicted in 
FIG. 35A. The ablation catheter is alternatively intro- 
duced into the prostatic urethra through a well- known 

30 introducer sheath. The physician can inject contrast 
medium through the main longitudinal passageway of 
the catheter to improve visualization. The distal and 
proximal fixation balloons are inflated for fixedly pos- 
itioning the catheter with respect to the internal and 

35 external sphincters. A controlled power or energy 
source, which is connected to the heat-emitting ele- 
ment, is activated for producing a predetermined, 
thermally conductive heat distribution in the prostatic 
tissue, as well as the prostatic urethra, between the 

40 sphincters. The heat distribution includes ablation 
temperatures preferably in the range of 70-1 00°C. 
The energized heat-emitting element produces this 
predetermined, thermally conductive heat distribu- 
tion in the prostatic urethra and the adjacent prostate 

45 gland for ablating the tissue thereof and coagulating 
the blood vessels therein. Temperatures above 70°C 
cause coagulation. Temperatures from 45 to 70°C 
cause cell death (necrosis) and tissue sloughing for 
increasing the urethral diameter. Experiments with 

50 dogs have indicated that a 97°C ablative temperature 
applied to the prostatic urethra for a period of one 
hour causes coagulation and subsequent sloughing 
to enlarge satisfactorily the lumen through the pros- 
tate. Initial dog experiments indicated that ablative 

55 temperatures up to 80°C for a one hour period pro- 
duced unsatisfactory results or did not enlarge the 
prostatic lumen sufficiently. 

While ablative temperatures are produced in the 
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prostatic urethra, a coolant is circulated through the 
interiors of the distal and proximal balloons for pro- 
tecting the internal and external sphincters from 
these ablative temperatures. When the treatment is 
completed, the distal and proximal balloons are col- 
lapsed, and the treatment catheter is removed from 
the urethra. 

Depicted in FIG. 36 is ablation system 3676 for 
ablating tissue about the prostatic urethra utilizing the 
ablation catheterof the present invention. The system 
comprises transurethral ablation catheter 3501, con- 
troller 3678, controlled power or energy source 3679, 
and controlled, coolant circulating pump 3687. Cath- 
eter 3501 is positioned in the prostatic urethra of a pa- 
tient and fixedly positioned therein by either one or 
both of distal and proximal fixation and cooling bal- 
loons 3503 and 3504, which respectively extend 
through the internal and external sphincters of the ur- 
ethra. When so positioned, the energized catheter 
produces a predetermined, thermally conductive 
heat distribution in the prostatic tissue for ablating the 
tissue and enlarging the urethra. Commercially avail- 
able controlled power or energy source 3679 supplies 
power or energy to the heat-emitting element, which 
is embedded in intermediate portion 3507 of the cath- 
eter. The source is connected to the heat-emitting ele- 
ment via cables, ring connectors, and lead wires rep- 
resented by line 3692 for producing a predetermined 
temperature such as 97°C on the surface of inter- 
mediate catheter portion 3507. 

Thermistor 3545 is included with the intermedi- 
ate portion of the catheter near the heat-emitting ele- 
ment thereof for providing temperature information to 
the controller via line 3697, which represents the lead 
wires, ring connector, and cable leading to the control- 
ler. The controller of the system responds to this tem- 
perature information by controlling the supply of pow- 
er or energy as required to produce and maintain a 
predetermined temperature on the catheter surface 
and the predetermined, thermally conductive heat 
distribution in the prostatic tissue. Well-known con- 
troller 3678 includes a commercially available pro- 
grammable microprocessor, such as the Motorola 
model MC68040, and a well-known control algorithm 
such as a proportional-integral-derivative, dead beat, 
or optimal control algorithm. Controller 3678 controls 
source 3679 and receives delivered power or energy 
via control line 3700. 

Distal and proximal fixation and cooling balloons 
3503 and 3504 also cool the internal and external ur- 
ethral sphincters to protect them from ablative tem- 
peratures. A coolant is circulated through the balloon 
interiors for cooling the balloons, the internal and ex- 
ternal sphincters, and the tissue surrounding the 
sphincters. The temperature of the balloons, sphinct- 
ers, and surrounding tissue is cooled to prevent the 
temperature from rising above 40°C. Pump 3687 is 
under the control of controller 3678 via control line 



3696 and circulates coolant through the distal and 
proximal balloon interiors via single lumen tubes and 
respective pairs of longitudinal catheter balloon pas- 
sageways represented by lines 3677, 3688 and 3690, 

5 3695 for circulating or simultaneously irrigating and 
aspirating coolant fluid. The controller monitors and 
controls the fluid flow rates and fluid temperatures to 
maintain the heat distribution in the tissue about the 
catheter. Controlled, coolant circulating pump 3687 is 

10 a commercially available pump such as a centrifugal, 
diaphragm, or roller pump such as a Cole-Parmer 
MASTERFLEX™ roller pump. Thermistors 3544 and 
3552 are positioned on the catheter surface in the re- 
spective distal and proximal balloons for providing 

15 temperature information to controller 3678 about the 
temperature of the coolant fluid in each balloon via 
lines 3698 and 3699, respectively. Each line repre- 
sents the lead wires, ring connectors, and a cable 
connected to the controller. The controller responds 

20 to this information by controlling the pump to cool the 
sphincters below a maximum temperature and the 
power or energy source to produce and maintain the 
predetermined, thermally conductive heat distribu- 
tion in the prostatic tissue. 

25 Depicted in FIG. 35A is a partial longitudinal view 

of the transurethral ablation catheter 3501 with a par- 
tial cutaway view of heat-emitting element 3502 posi- 
tioned in urethra 3557 and prostate 3558 of a patient 
for producing a non-cooled, predetermined, thermal- 

30 ly conductive heat distribution 3571. Intermediate 
portion 3507, which includes heat-emitting element 
3502, is positioned in intimate contact with the lining 
of the prostatic urethra 3560 and is maintained in a 
fixed longitudinal position therein by inflated distal 

35 fixation and cooling balloon 3503, which extends 
through internal sphincter 3561 and bladder neck 
3563 into bladder 3559, and inflated proximal fixation 
and cooling balloon 3504, which extends through ex- 
ternal sphincter 3562. 

40 The non-cooled heat distribution 3571 is pro- 

duced in prostatic urethra 3560, prostatic tissue 3558, 
and surrounding tissue 3689 and includes isotherms 
3564-3570. These isotherms represent static condi- 
tions in homogeneous tissue after the heat-emitting 

45 element has reached a steady state condition. Iso- 
therm 3564 represents 37°C, which is approximately 
body temperature. The temperature of tissue increas- 
es gradually between isotherms. For example, the 
temperature of tissue between isotherms 3564 and 

50 3565 increases to 40°C, which is indicated by iso- 
therm 3565. Isotherms 3566, 3567, 3568, 3569, and 
3570 respectively indicate 42°C, 47°C, 70°C, 92°C, 
and 97°C. Isotherm 3570 represents the surface tem- 
perature of the intermediate portion of the catheter. 

55 These isotherms represent the predetermined, ther- 
mally conductive heat distribution produced by the 
catheter in the surrounding tissue without the circu- 
lation of a coolant in the distal and proximal balloons. 
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Without the circulation of a coolant, the internal and 
external sphincters are exposed to temperatures in 
the range from 40-47°C, which are considered unac- 
ceptable. Exposing the sphincters to temperatures 
ranging from 40-42°C over a period of time such as 
one hour likely damages the nerves and muscles of 
the sphincters. Exposure to temperatures ranging 
from 42-47°C over a period of time such as one hour 
causes cell death and sloughing of cells. Exposure to 
temperatures ranging from 47-70°C and above ef- 
fects certain and rapid cell death or necrosis, slough- 
ing, and coagulation of blood vessels. 

Depicted in FIG. 35B is a partial longitudinal view 
of transurethral ablation catheter 3501 of FIG. 35A 
and another predetermined, thermally conductive 
heat distribution 3572 produced in prostatic urethra 
3560, prostate 3558, and surrounding tissue 3689. 
Heat distribution 3572 is produced as a result of cir- 
culating a coolant through fixation and cooling bal- 
loons 3503 and 3504. Cooled, thermally conductive 
heat distribution 3572 includes isotherms 3570 and 
3573-3578. Isotherm 3573 represents 37°C, which is 
approximately body temperature. The temperature of 
tissue increases nearer the catheter, as depicted by 
isotherms 3574, 3575, 3576, 3577, 3578, and 3570, 
which respectively indicate 40°C, 42°C, 47°C, 70°C, 
92°C, and 97°C. Isotherm 3570 represents the sur- 
face temperature of the intermediate portion of the 
catheter. With the circulation of a coolant through the 
interiors of the distal and proximal balloons, the inter- 
nal and external sphincters are protected from abla- 
tive temperatures produced by the catheter. The iso- 
therms of this heat distribution indicate that temper- 
atures above body temperature are not thermally 
conducted near the sphincters or tissue surrounding 
the sphincters. The sphincters and several millime- 
ters of surrounding tissue lie outside isotherm 3573, 
which indicates an approximate body temperature, 
during an ablative treatment including the circulation 
of coolant. 

Depicted in FIG. 37 is a longitudinal view of an- 
other aspect of the present invention, transurethral 
ablation catheter 3624 positioned in urethra 3557 and 
prostate 3558 of a patient. As in the transurethral 
ablation catheter of FIG. 35A, intermediate portion 
3626, which includes heat-emitting element 3625, is 
fixedly positioned in prostatic urethra 3560 by inflated 
distal and proximal fixation and cooling balloons 3627 
and 3628, which respectively extend through the in- 
ternal and external sphincters 3561 and 3562. How- 
ever, heat-emitting element 3625 of this alternative 
catheter extends only partially around the circumfer- 
ence of the catheter for selectively heating a portion 
of the prostate, for example, the portion of the pros- 
tate opposite ejaculatory duct 3629 which empties 
seminal vesicles 3630 into the prostatic urethra. It is 
thought that avoiding ablative temperatures about 
the seminal vesicles and ejaculatory duct minimizes 



the risk of complications such as impotence and infer- 
tility. The heat-emitting element comprises a metal 
wire formed into a serpentine configuration. The ser- 
pentine-shaped heat-emitting element is embedded 

5 semicircularly in the catheter wall, as depicted in FIG. 
38. Semicircular radiopaque rings 3631 and 3632 are 
embedded in the surface of the catheter and posi- 
tioned at each end of the heat-emitting element for 
visualizing the longitudinal and circumferential posi- 

10 tion of the heat-emitting element, which produces a 
third predetermined, thermally conductive heat dis- 
tribution in the prostatic urethra and surrounding tis- 
sue. 

Thermally conductive heat distribution 3633 pro- 
75 duced by catheter 3624 is depicted with circulation of 
a coolant through the interiors of the distal and prox- 
imal fixation and cooling balloons 3627 and 3628. The 
coolant fluid is circulated through longitudinal passa- 
geway 3641 with medial septum 3642, as depicted in 
20 FIG. 38, for cooling that portion of the catheter and 
the prostatic tissue facing away from the heat- 
emitting element. The cooled, predetermined, ther- 
mally conductive heat distribution produced by this 
catheter is represented by isotherms 3634-3640. Iso- 
25 therm 3634 represents 37°C, which is approximately 
body temperature, and isotherms 3635-3639 respec- 
tively represent 40°C, 42°C, 47°C, 70°C, and 92°C. 
Isotherm 3640 represents 97°C, which is the surface 
temperature of the catheter. These isotherms indi- 
30 cate that temperatures above body temperature are 
not thermally conducted near the sphincters or tissue 
surrounding the sphincters. Furthermore, body tis- 
sue on the cooling side of the catheter, or the side of 
the catheter facing away from the heat-emitting ele- 
35 ment and toward the ejaculatory duct and seminal ve- 
sicles, remains at or near body temperature. 

Depicted in FIG. 38 is a cross-sectional view of 
transurethral ablation catheter 3624 of FIG. 37 taken 
along the line 43-43. Longitudinal passageway 3641 
40 with medial septum 3642 provides for the irrigation of 
coolant on outer side 3644 and the aspiration of cool- 
ant on inner side 3643. Main longitudinal passageway 
3645 provides for the irrigation and drainage of fluid 
from the bladder and for the placement of the cath- 
45 eter over a wire guide in a well-known manner. Long- 
itudinal balloon passageways 3646 and 3647 provide 
for the respective irrigation and aspiration of coolant 
to the interior of the distal balloon of the catheter. 
Longitudinal passageway 3648 contains the lead 
so wires of heat-emitting element 3625 and the distal 
and intermediate portion temperature sensors. 

Depicted in FIGs. 39 and 40 is transurethral abla- 
tion catheter 3701, which is an enhancement to the 
catheter of the present invention, for producing a pre- 
55 determined, thermally conductive heat distribution in 
prostatic tissue. The catheter comprises inner and 
outer coaxial members 3538 and 3539, respectively, 
positioned in telescopic relation to each other. The 
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relative telescopic position of the inner and outer co- 
axial catheters can be varied to provide different 
spacing 3704 between the fixation and cooling bal- 
loons to accommodate the different prostatic urethral 
lengths of patients. Inner member 3538 comprises 
elongated member tube 3592 and includes distal and 
intermediate portions 3579 and 3580, which are in an 
inflated state and comparable to the distal and inter- 
mediate portions of the transurethral ablation cathet- 
er of FIG. 33. Distal portion 3579 of the inner member 
includes distal fixation and cooling balloon 3540 for 
extending through the internal sphincter and into the 
bladder of a patient. Distal balloon 3540 is fixedly at- 
tached to the member by commercially available 
medical grade adhesive. Annular ring 3581 is fixedly 
attached about the circumference of the distal balloon 
for providing annular recess 3582 for positioning the 
internal sphincter therein. Longitudinally extending 
balloon passageways 3583 and 3584 communicate 
with the interior of distal fixation and cooling balloon 
3540 for aspirating and irrigating coolant 3693 there- 
through so that the inflated distal fixation and cooling 
balloon, internal sphincter, and surrounding tissue 
are cooled. Balloon passageway 3583 includes a plur- 
ality 3593 of aspiration ports. Balloon passageway 
3584 includes plurality 3594 of irrigation ports, which 
vary in size in a manner similar to the irrigation ports 
of the catheter of FIG. 33. Temperature sensor 3585 
is positioned on the surface of the inner member in 
the interior of the distal balloon for sensing or meas- 
uring the temperature of the coolant thereabout. The 
distal portion of the inner member also includes radio- 
paque rings 3586-3588 for visualizing under fluoro- 
scopy the distal end of the member, the location of 
the internal sphincter when the catheter is positioned 
in a urethra, and the distal end of the heat-emitting 
element, respectively. Inner member 3538 further in- 
cludes main longitudinal passageway 3589 for intro- 
ducing the catheter over a wire guide and for irrigat- 
ing and draining the bladder. 

Intermediate portion 3580 of the inner member 
includes heat-emitting element 3590, which is embed- 
ded in the wall of the member for heating the prostatic 
urethra and tissue and temperature sensor 3591, 
which is positioned in the inner member in a central 
location along the length of the heat-emitting ele- 
ment for sensing or measuring the temperature there- 
of. 

Outer member 3539 comprises elongated mem- 
ber tube 3607 and includes proximal portion 3595, 
which is comparable to the proximal portion of the 
transurethral ablation catheter of FIG. 34. Outer 
member 3539 includes proximal fixation and cooling 
balloon 3596 for extending through the external 
sphincter of a patient. Proximal balloon 3596 is fixedly 
attached to the member by commercially available 
medical grade adhesive. Annular ring 3597 is fixedly 
attached about the circumference of the inflated prox- 



imal balloon for providing annular recess 3598 in the 
balloon for positioning the external sphincter therein. 
Longitudinally extending balloon passageways 3599 
and 3600 communicate with the interior of proximal 

5 fixation and cooling balloon 3596 for circulating cool- 
ant 3693 therethrough so that the proximal balloon, 
external sphincter, and surrounding tissue are 
cooled. Balloon passageway 3599 includes plurality 
3601 of aspiration ports. Balloon passageway 3600 

10 includes plurality 3602 of irrigation ports which are 
graduated in cross-sectional area in a manner similar 
to that of the irrigation ports of the catheter of FIG. 
33. Temperature sensor 3603 is positioned on the 
surface of the outer member in the interior of the 

15 proximal fixation and cooling balloon for sensing or 
measuring the temperature of the coolant. The distal 
portion of the outer member also includes radiopaque 
rings 3604 and 3605 for visualizing under fluoroscopy 
the distal end of the proximal fixation and cooling bal- 

20 loon and annular recess 3598 for positioning the ex- 
ternal sphincter therein. Outer member 3539 further 
includes main longitudinal passageway 3606 fortele- 
scopically positioning the inner member therein. 
Depicted in FIG. 40 are the proximal portions of 

25 inner and outer members 3538 and 3539 with wire 
guide 3511 extending proximally from the main long- 
itudinal lumen of the inner member. Proximal portion 
3608 of the outer member includes well-known dou- 
ble-Y connector 3609 with side arm 361 0 for contain- 

30 ing a plurality 3613 of proximal balloon, single lumen 
tubes and side arm 3611 for containing the heat- 
emitting element and temperature sensor lead wires. 
Each of the lead wires is interiorly attached to one of 
plurality 3612 of ring connectors. Double-Y connector 

35 3609 is fixedly attached to the outer member using 
heat shrunk tube 3614. 

Proximal portion 3615 of the inner member in- 
cludes well-known triple side arm connector 3616 
with side arms 3617 and 3618 for containing a plur- 

40 ality 3619 of distal balloon, single lumen tubes and a 
plurality of temperature sensor lead wires, respective- 
ly. Each of the temperature sensor lead wires is inter- 
iorly attached to one of plurality 3620 of ring connec- 
tors. Temperature information from the temperature 

45 sensors positioned in each balloon and nearthe heat- 
emitting element is provided via the lead wires and 
ring connectors to the controller. The controller in re- 
sponse controls the supply of power or energy to the 
heat-emitting element for producing the predeter- 

50 mined, thermally conductive heat distribution in pro- 
static tissue. Triple side arm connector 3616 also in- 
cludes side arm 3621 for irrigating and draining the 
bladder through drainage tube 3622 and main arm 
3623 for inserting wire guide 3511 therethrough and 

55 into the catheter. Triple side arm connector 3616 is 
fixedly attached to the inner member via main port 
3685 of double-Y connector 3609 and heat shrunk 
tube 3691 . The coaxial members are slidably movable 
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and fixedly positionable relative to each other via 
well-known rotatable locking collar hub 3705. The 
longitudinal position of the coaxial members can be 
varied for providing different spacing 3704 between 
the distal and proximal fixation balloons, thereby ac- 
commodating variations in individual patient anatomy. 

Depicted in FIGs. 41-45 are alternative configur- 
ations for the distal fixation and cooling means of the 
transurethral ablation catheter of the present inven- 
tion for preventing removal of the distal portion of the 
catheter from bladder 3559 of a patient. These con- 
figurations can be actuated by introducing the distal 
portion of a transurethral ablation catheter through 
an outer introducer sheath in a well-known manner. 
When extended from the distal end of the sheath, the 
preformed alternative configuration of the distal cath- 
eter end assumes its preformed shape. The circula- 
tion of a coolant is accomplished via a passageway in 
the wall of any of the fixation means. In the case of 
a pigtail, for example, coolant is circulated through a 
continuous passageway in the spiral. 

Depicted in FIG. 41 is transversely oriented pigtail 
3649 of distal portion 3650. The pigtail is secured to 
the main body of the catheter with a suture loop ex- 
tending through the main passageway of the cathet- 
er. In addition to or instead of end port 3651 of the 
main longitudinal passageway, modified pigtail 3649 
includes a plurality 3652 of side ports for facilitating 
irrigation to and drainage from the bladder. 

Depicted in FIG. 42 is longitudinally oriented pig- 
tail 3553 of distal portion 3554. In addition to or in- 
stead of end port 3555 of the main longitudinal pas- 
sageway, longitudinally oriented pigtail 3553 includes 
plurality 3556 of side ports for facilitating irrigation to 
and drainage from the bladder. 

Depicted in FIG. 43 is plurality of tines 3657-3659 
of distal portion 3660. In addition to end port 3661, 
distal portion 3660 includes plurality 3662 of side 
ports for facilitating irrigation to and drainage from the 
bladder. 

Depicted in FIG. 44 is another alternative config- 
uration for the distal fixation and cooling means of the 
transurethral ablation catheter in the form of well- 
known malecot 3663 having a plurality of wings or 
strips 3664-3667 for positively preventing removal of 
distal portion 3668 of the catheter from bladder 3559 
of a patient. Drainage port 3669 of the catheter is 
positioned at the base of the plurality of strips. The 
malecot is actuated by pulling cable 3670 proximally 
for bringing the wings or strips into contact with the 
bladder. 

Depicted in FIG. 45 is yet another alternative con- 
figuration for the distal fixation and cooling means of 
the transurethral ablation catheter in the form of ar- 
ticulating T-tube 3671 with pivot pin 3672 for actuating 
the distal end 3673 of the tube proximally and pre- 
venting removal of distal portion 3674 of the catheter 
from bladder 3559 of a patient. Distal end 3673 of the 



T-tube includes end port 3675 for the irrigation and 
drainage of fluids to and from the bladder. 

While the invention has been illustrated and de- 
scribed in detail in the drawings and foregoing de- 

5 scription, the same is to be considered as illustrative 
and not restrictive in character, it being understood 
that only the preferred embodiment has been shown 
and described and that all changes and modifications 
that cone within the spirit of the invention are desired 

10 to be protected. In particular, the distal fixation and 
cooling balloon can comprise any of a number of other 
known fixation and cooling means for securing the 
distal end of the catheter in the bladder. The proximal 
fixation and cooling device can also be a pair of inflat- 
es able balloons, rather than one balloon with a toroidal 
shape. Furthermore, the distal fixation and cooling 
balloon can be round in shape rather than conical. 
The transurethral ablation catheter can include pres- 
sure transducers, pH sensors, electro myogram elec- 

20 trades, and other sensors to monitor the treatment 
and ensure safety and effectiveness. Ridges can be 
placed circumferentially around the catheter at either 
end of the heat-emitting element for facilitating tactile 
positioning of the heat-emitting element. Separate 

25 cooling balloons or structures are also contemplated 
in addition to or in place of the fixation balloons. It is 
also contemplated that cooling to one or more fixation 
and/or cooling means can be accomplished with one 
or more longitudinally extending passageways. Irriga- 

30 tion and aspiration are alternatingly performed with 
one passageway to facilitate cooling of the sphinct- 
ers. With separate distal and proximal cooling means, 
one can be aspirated while the other is simultaneous- 
ly or alternatingly irrigated. It is also contemplated 

35 that only one fixation and cooling structure is needed 
to fixedly position the catheter both distally and prox- 
imally in the internal and external sphincters. 

40 Claims 

1. A transurethral ablation catheter arrangement for 
ablating prostatic tissue about a prostatic urethra 
positioned between internal and external 
45 sphincters, said catheter arrangement compris- 

ing 

an elongated member having a distal por- 
tion, a proximal portion, and an intermediate por- 
tion, said intermediate portion being positioned 

50 between said distal and proximal portions and 

shaped and sized to contact the prostatic urethra 
at least one of said distal and proximal portions 
including means for fixing the respective portion 
relative to the respective internal and/or external 

55 sphincter, for maintaining longitudinally said in- 

termediate portion in said prostatic urethra; and 
heating means in said intermediate por- 
tion and responsive to energy supplied thereto for 
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producing a predetermined heat distribution in 
said tissue to ablate said tissue. 

2. The catheter arrangement of claim 1, further 
comprising means for cooling the internal and ex- 
ternal sphincters to temperatures below those of 
adjacent or heated prostatic tissue. 

3. The catheter arrangement of claim 2, wherein the 
means for cooling (3649, or 3503)) serves to cir- 
culate coolant in the region of each sphincter in 
order to maintain the temperature of each 
sphincter below a predetermined maximum tem- 
perature. 

4. The catheter arrangement of claim 3, wherein the 
cooling means also performs the function of the 
fixing means (3553,3556; or 3503,3504). 

5. The catheter arrangement of claim 4, wherein the 
cooling means comprises an inflatable balloon 
(3503) which when inflated embraces a respec- 
tive sphincter (3561) and serves to contain cool- 
ant for circulation, or comprises a lockable distal 
portion (3650)of the catheter (Figs. 41 to 45), the 
distal portion having ports (3652) for irrigation of 
the respective sphincter by coolant. 

6. The catheter arrangement of claim 5, wherein the 
or each balloon which when inflated has a recess 
for accommodating the respective sphincter to fa- 
cilitate location and cooling of the sphincter. 

7. The catheter arrangement of claim 5 or 6, further 
comprising supply means for circulating the cool- 
ant to or in each balloon or to the ports; 

and/or means for inflating each balloon; 

and/or sensor means (3545) for contrail ing 
the heating of the said intermediate portion 
which may be of variable length (Figs. 39,40); 

and/or sensor means (3544) for individual- 
ly controlling the coolant temperature or volume 
flow to each balloon; 

and/or a passageway (3684) for the re- 
ceipt of a wire guide (3511). 

8. The catheter arrangement of any one preceding 
claim, wherein the predetermined heat distribu- 
tion is achieved by the use of a helically wound 
heater coil (3502), or by the use of a heater 
(3625) of a shape designed to only heat a select- 
ed part of the prostatic tissue. 

9. A transurethral ablation catheterfor ablating pro- 
static tissue positioned between internal and ex- 
ternal sphincters, comprising: 

an elongated member having a distal por- 
tion, a proximal portion, and an intermediate por- 



tion positioned between said distal and proximal 
portions, said distal and proximal portions includ- 
ing cooling means positionable about at least one 
of said internal and external sphincters for cool- 

5 ing said at least one of said internal and external 

sphincters; and 

an element positioned about said inter- 
mediate portion and responsive to energy sup- 
plied thereto for producing a temperature in said 

10 tissue to ablate said tissue. 

10. A transurethral catheterfor ablating prostatic tis- 
sue between internal and external sphincters, 
comprising: 

15 first and second elongated coaxial mem- 

bers longitudinally movable relative to each 
other, said first member having first fixation 
means for positioning said internal sphincter 
thereabout, said second member having second 

20 fixation means for positioning said external 

sphincter thereabout; and 

one of said members including a thermally 
conductive heat-emitting element positioned be- 
tween said first and second fixation means and 

25 responsive to energy supplied thereto for produc- 

ing a predetermined, thermally conductive heat 
distribution in said prostatic tissue. 

11. The catheter arrangement of claim 7, wherein 
30 heat-emitting catheter means includes second 

temperature sensor means positioned about first 
cooling means for determining a temperature of 
the internal sphincter and third temperature sen- 
sor means positioned about the second cooling 

35 means for determining a temperature of the ex- 

ternal sphincter, and wherein the control means 
is responsive to the temperatures of said internal 
and external sphincters and to the coolant sup- 
plied to said first and second cooling means for 

40 controlling the coolant supplied to said first and 

second cooling means. 
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